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Electrification of heavy-duty road freight transport is an important Received 22 July 2025
step to reduce the carbon emissions of the transport sector. Accepted 9 February 2026

Major investments are being considered for the transitioning of

truck fleets with heavy batteries as well as new charging Electrification:

. . . . ectrification; heavy-duty
infrastructure. Ur.1t|I receqtly the empha5|s fqr |nfrastrycturg has trucks; dynamic charging;
been on charging stations, while dynamic charging is an electric road systems;
important alternative to consider. This paper summarizes recent network design
research results about dynamic charging and argues for

integrative network design, where stationary and dynamic

technologies work together. It concludes with main research &

development challenges.
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Context: development of the battery-electric truck landscape

To support the electrification of Europe’s transport system, recently the Council of the
European Union has adopted the Alternative Fuel Infrastructure Regulation (AFIR).
Amongst others, the AFIR asks for investments in charging stations for battery-electric
heavy-duty trucks. It foresees high-capacity recharging stations every 60 km along the
core of the Trans-European Network for Transport by 2025 (European Commission
2021). The required investments run into billions of euros, and the operational challenges
to implement such a network of charging stations are vast. Not only is it necessary to
upgrade the electricity grid, but also vehicles need to be equipped with batteries of unpre-
cedented size, weight, and cost. Currently, unavailability of charging infrastructure and
high costs of truck batteries are the main supply- and demand-side bottlenecks for the
expansion of the battery-electric truck landscape.

Dynamic charging: a new opportunity

During the past decade, charging technologies have advanced, and new knowledge has
developed, which could promise a faster and easier implementation. In addition to
using charging stations, trucks can also charge while moving, known as dynamic
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charging or Electric Road Systems. The system involves either catenary (overhead) lines,
such as in rail transport; conductive charging via roadside rails, such as in metro systems;
or induction charging with wireless charging coils embedded in the pavement, compar-
able to what is in use today for mobile phones. Solutions similar to ERS are known in
road passenger transport and include the trolleybus and the trackless tram. While
there are subtle differences in technology, both are seen as promising alternatives (see
e.g. Stavropoulos et al., 2022; Newman 2024).

Dynamic charging has important potential advantages. Firstly, batteries become
smaller, as the truck only needs to operate using its batteries while away from the char-
ging network. Studies show that this reduction can be as much as 2/3 of the battery size
needed with stationary charging (de Saxe et al., 2023). This leads to cost savings and miti-
gates the negative effect that batteries have on payload. Strategically, it strengthens the
sector’s independence from rare raw material providers. Secondly, time savings can be
achieved by drivers, as they do not need to stop for charging. Given the many time
windows involved in planning truck trips, it is expected that charging will disturb
route planning and make trips less efficient. As driver wages amount to about 40% of
transport costs (Persyn et al., 2019) this saving will also benefit consumers. The third
impact is that it can reduce the overall investment need for stationary charging infra-
structure at depots and public stations. However, as it provides a different service for
specific target groups, it is a complementary addition to the charging landscape (Rogsta-
dius et al., 2023). Finally, it is expected that it will reduce the load on the energy grid from
the transport sector (Gaete-Morales et al., 2023).

The key drawback of the system is that its introduction is more complex than that of
stationary charging, concerning technology, logistics organization, and governance. In-
pavement inductive charging still needs testing for its effect on costs of construction
and maintenance. Logistics service providers may prefer a simple landscape of alternative
charging technologies. Realization and operation of charging infrastructure will need to
be initiated by government action, with involvement of private actors for concessioning,
building, financing, and maintenance, in addition to the challenge of realizing charging
stations.

Recent studies suggest net societal benefits

Recently there has been a wave of studies and pilots by national governments, road auth-
orities, universities, and industry arriving at the conclusion that ERS could be an important
addition to charging stations, allowing an accelerated roll-out of electrification infrastruc-
ture at a lower cost (Borjesson, Johansson, and Kéageson 2021; Deshpande et al., 2023;
PIARC 2023; Rogstadius, Alfredsson, and Sallberg 2023). Pilots have been conducted in
several countries around the world, and ideas have formed about larger networks. Liao
et al. (2024) find that the battery size savings alone would be sufficient to fund a
dynamic charging network of 15,000 km in length, largely obviating the need for invest-
ment in public heavy-duty stationary charging along these highway corridors. This is
close to the combined size of the motorway networks of Germany, the Netherlands, and
Belgium. A sensitivity analysis shows that less favorable conditions would still allow build-
ing an extensive network of more than 5000 km in length. The relative position of dynamic
charging ultimately depends on the expected impact on the total costs of ownership (TCO)
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for different types of fleets and operations. This impact is influenced by charging prices,
infrastructure and battery costs, and the adoption of autonomous driving (Carlsson et
al., 2025; Rogstadius et al., 2024). These studies together indicate that dynamic charging
is a technology of strategic importance, complementing stationary charging infrastructure
for both short- and long-distance movements.

Nearby R&D challenges

The benefits of dynamic charging would primarily be incurred by the transport sector,
while infrastructure investments require initiative from national governments. Business
models are needed that allow the transfer of part of these benefits from carriers to those
commissioned to build, maintain, and exploit charging infrastructure. In addition, new
research needs exist concerning technology development. Technology readiness levels
(TRLs) range from 6 to 8, which implies room for development in operational
systems. Inductive charging would have co-benefits from urban freight and passenger
transport, as it also allows charging at parking places and for smaller vehicles. Impacts
on the energy system need to be assessed. New network designs are needed, which con-
sider mixed forms of charging and routing profiles in different segments of the road
haulage industry. Finally, research-intensive living labs such as the one in Germany
could spur the development of international technological standards, common service
models, and corridor-level investment programs.
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